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RELATIONSHIP BETWEEN TILLERING AND GRAIN YIELD OF KANSAS WHEAT VARIETIES
D.E. Thiry, R.G. Sears, J.P. Shroyer, and G.M. Paulsen* Tillers are shoots that arise from buds in the axils of plant leaves. Primary tillers in grasses come from the main stem, and secondary tillers form from primary tillers. Wheat generally begins to tiller after two or three leaves develop on seedlings, and about one new tiller emerges with each additional leaf. In winter wheat, tillers can develop during autumn and when growth resumes during spring. Tillers are an important part of the wheat plant. Grain yield depends on plants per area, tillers per plant, kernels per tiller, and weight per kernel. Therefore, tillering is essential for productivity. Studies estimate that under normal conditions, approximately 30 to 50% of the grain yield of wheat comes from the main stem and 50 to 70% comes from the tillers. However, only some tillers produce grain; others fail to develop a spike (head) and die before the main stem matures.
The ability to tiller gives wheat considerable adaptability to changing conditions. Moisture and nitrogen fertilizer, for instance, increase grain yield to a large extent by stimulating the development and survival of tillers. Planting wheat within the optimum period promotes tillering, whereas delaying planting disfavors tillering and necessitates an increase in the seeding rate. In Kansas, the optimum date ranges from September 10-20 in the northwest to October 5-20 in the southeast.
• Tillers are important yield components of Kansas wheat varieties and provide about two-thirds to three-fourths of the grain yield.
• All wheat varieties adapted to Kansas that were tested have potential to develop numerous tillers.
• Over one-half of the tillers that were initiated developed a spike and produced grain.
• Some plant traits, such as the number of kernels per spike, may be inversely related to the number of tillers in wheat.
Conclusions
This publication from the Kansas State University Agricultural Experiment Station and Cooperative Extension Service has been archived. Current information is available from http://www.ksre.ksu.edu.
Although tillers contribute substantially to the productivity of wheat, little is known about differences in tillering habit among Kansas wheat varieties and the relationship of tillering to grain yield. The objective of these experiments was to measure tiller development and survival, and establish their relationship to grain yield of several popular wheat varieties in Kansas.
The experiments used plots in the Kansas Intrastate Wheat Nursery at Hutchinson and Manhattan during the 1995-96 crop season. Plots at Hutchinson were on a Clark clay-loam soil that had a soybean-wheat rotation, and those at Manhattan were on a Muir silt-loam soil that had a soybean-oat-wheat rotation. The seven wheat varieties in the study were planted in early October 1995 at 60 lbs/a of seed in plots that contained six rows 9 in apart and 30 ft long. The plots were arranged in randomized complete block designs with four replications. Plots at both locations were fertilized with 70 lbs N/a and 25 lbs P/a before planting in 1995 and 50 lbs N/a in late February 1996.
Two 20-in.-long sections were marked randomly from the four inner rows of each plot in early spring 1996. The number of tillers in each section was counted at three developmental stages of the wheat, late boot (Feekes stage 9-10), early grain milk stage (Feekes stage 10.5.4), and late grain dough stage (Feekes stage 11.2). The Feekes stage system is a measure of the developmental stage of small grains and goes from Feekes stage 1 (one shoot) to 11.4 (grain ripe). Plants at Feekes stage 9-10 had the maximum number of tillers, since formation of tillers was complete but senescence had not started. The count at Feekes stage 11.2 only included productive tillers that contained grain. Both the main stems and tillers were designated as "tillers" because of the difficulty in distinguishing them.
Areas of 5.5 yd 2 at Hutchinson and 6.1 yd 2 at Manhattan were harvested from each plot with a small combine when the grain was ripe in late June. Grain yield was adjusted to 12% moisture. A sample of 1,000 kernels from each plot was weighed for kernel weight, and the average number of kernels per spike was calculated from the data for productive tillers at Feekes stage 11.2, grain yield, and kernel weight. Analysis of variance and Pearson phenotypic correlations were calculated with the SAS statistics program (SAS Institute, Cary, NC).
Moisture was adequate for germination and excellent stands were produced during early autumn 1995, but moisture was then sparse for growth until May 1996. Temperatures fluctuated greatly during winter and early spring, and subfreezing conditions (-2°F) during March 7-10, 1996, may have affected tiller survival at Hutchinson. Yield losses from plant diseases were estimated as 2.1%.
Procedures
Number of tillers was similar for all varieties at each developmental stage at Hutchinson (Table 1) . However, the average number of tillers declined substantially from one stage to another. Approximately 29% of the tillers senesced between Feekes 10 and 10.5.4, and an additional 13% senesced between Feekes stages 10.5.4 and 11.2. Thus, at this location,only 58% of the tillers that developed survived to produce grain.
If it is assumed that 80% of the seed developed a seedling that emerged to become a plant, the average plant density at Hutchinson was about 160 plants/yd 2 . Therefore, in addition to the main stem, each plant averaged 4.6 tillers at Feekes stage 10 and 2.2 tillers at Feekes stage 11.2.
Tiller numbers were generally greater at Manhattan than at Hutchinson and differed among the varieties during the last two developmental stages (Table 1) . Approximately 33% of the tillers senesced between Feekes stages 9 and 10.5.4, and an additional 13% senesced between stages 10.5.4 and 11.2, for an average survival of 54%. The variety Agseco 7853 had a large number of tillers, and Custer had a low number at stage 10.5.4, whereas Ike had a large number and Jagger had a low number of tillers at stage 11.2 at the Manhattan location. Using the same assumptions as above, each plant main stem had an average of 7.2 tillers at stage 9 and 3.4 tillers at stage 11.2.
Grain yields averaged 60.9 bu/a and were similar for all varieties at Hutchinson (Table 2) . Yields at Manhattan ranged from 71.6 bu/ a for Karl 92 to 88.6 bu/a for 2137 and averaged 76.6 bu/a for all varieties. Ike had the least and Jagger had the most kernels per spike at both study locations ( Table 2 ). The number of kernels per yd 2 , the product of the number of spikes at stage 11.2 and the number of kernels per spike, ranged from 9,662 to 11,544 at Hutchinson and from 10,642 to 13,120 at Manhattan. Karl 92 had the least and 2137 had the most kernels per yd 2 at both locations. Kernel weights ranged from 29.2 mg for 2163 to 36.5 mg for Agseco 7853 at Hutchinson, and from 33.6 mg for Jagger to 39.8 mg for Agseco 7853 at Manhattan. Some significant relationships occurred among the plant characteristics at both locations (Table 3 ). The number of productive tillers at stage 11.2 was positively correlated with the maximum number of tillers at stage 10 and the kernel weight, but was negatively correlated with the number of kernels per spike at Hutchinson. Kernels per spike also was positively correlated with kernels per yd 2 and negatively correlated with kernel weight at Hutchinson. Both the maximum number of tillers and the number of productive tillers were negatively correlated with the number of kernels per spike at Manhattan. Grain yield and the number of kernels per yd 2 were positively correlated. The high maximum number of tillers -4.6 and 7.2 per plant at Hutchinson and Manhattan, respectivelydemonstrated the ability of Kansas wheat varieties to tiller. The survival of over half of the tillers to produce grain makes them an important component of the yield potential of wheat. If the main stems and tillers produce similar amounts of grain per spike, about 69% of the total grain yield at Hutchinson and 77% of the total yield at Manhattan came from the surviving tillers. However, these should be considered maximum values because the spike of the main stem usually produces more grain than the spike of the tillers.
Results
The number of productive tillers might appear to be unimportant since it was not correlated with grain yield at either location. Lack of any relationship might be expected at Hutchinson because the grain yields were similar for all varieties. While the number of tillers was not correlated with grain yields at Manhattan, it was a critical factor in the number of kernels per yd 2 , which was correlated with yield at that location. This relationship suggested that tiller number is both an important yield component in wheat and, at least in part, a determinant of the difference in yield potential among varieties. 
Discussion
The highly significant negative correlation between the number of productive tillers and kernels per spike at both locations implied that increasing one factor decreases the other factor. As seen at Manhattan, grain yield is usually directly related to the number of kernels per yd 2 , the product of productive tillers times kernels per spike. The strong negative relationship between productive tillers and kernels per spike complicates increasing grain yield by increasing the number of tillers by breeding, or by increasing the seeding rate.
Tillers that fail to survive to develop spikes obviously do not contribute directly to grain yield. However, other research suggests that they might contribute indirectly besides making the plant adaptable to different conditions. When the tillers are young and actively growing, nutrients from their photosynthesis may be translocated to other plant parts to enhance growth. When the non-surviving tillers senesce and die, nutrients, such as nitrogen, phosphorus, and potassium, that are stored in their tissues are absorbed by the surviving tillers to increase their yield potential. In this way, all the tillers that develop on wheat contribute in one way or another to grain yield. Table 3 . Pearson phenotypic correlation coefficients among maximum tiller number (Feekes 9-10), productive tiller number (Feekes 11.2), grain yield, kernels per spike, kernels per yd 2 , and kernel weight of seven wheat varieties at Hutchinson and Manhattan, Kansas during 1996. This publication from the Kansas State University Agricultural Experiment Station and Cooperative Extension Service has been archived. Current information is available from http://www.ksre.ksu.edu.
